Recent PHENIX measurements of the elliptic (v 2 ) and hexadecapole (v 4 ) Fourier flow coefficients for charged hadrons as a function of transverse momentum (p T ), collision centrality and particle species are presented and compared with results from the PHOBOS and STAR collaborations respectively. The status of extensions to future PHENIX measurements at lower beam energies is also discussed.
I. INTRODUCTION
The discovery of large elliptic flow (v 2 ) for all particle species studied at the Relativistic Heavy Ion Collider (RHIC), is a key piece of evidence for the creation of hot and dense partonic matter in ultra relativistic nucleus-nucleus collisions [1, 2] . This is well supported by the observed agreement between differential flow measurements and calculations that model an essentially locally equilibrated quark gluon plasma (QGP) having a small value for the specific shear viscosity (η/s) [3] [4] [5] [6] . After ten years of experiments at RHIC, the most extensive set of flow measurements for various hadrons with different masses, charges, quark content and hadronic cross-sections became available for the first time in the history of heavy-ion collisions. They show that, for a given centrality, elliptic flow for all observed hadrons [at RHIC] scale to a single curve when plotted as v 2 /n q versus KE T /n q , where n q is the number of constituent quarks in a given hadron species and KE T is the transverse kinetic energy for these hadrons [7, 8] . Such scaling is illustrated in Fig. 1 where a compilation of elliptic flow results for identified hadrons, measured by STAR [9] [10] [11] [12] and PHENIX [7, [13] [14] [15] for minimum-bias Au+Au collisions at indicates that the agreement between the STAR and PHENIX v 2 data is better than ∼ 15%, otherwise, the scaling would be broken. More importantly, the observed scaling suggests that the bulk of the elliptic flow at RHIC energies is partonic, rather than hadronic [7, 8, 18] . Lowering the collision energy and studying the energy dependence of anisotropic flow allows a search for the onset of the transition to a phase with partonic degrees of freedom at an early stage of the collision [6, 17] . In the present work, we review the most recent flow measurements performed by the PHENIX collaboration at top RHIC energies, and give the most comprehensive comparison of these results with measurements from both PHOBOS and STAR collaborations. We also discuss the progress of our ongoing flow analysis at lower collision energies at RHIC.
II. RESULTS
Future progress in the extraction of the transport properties of hot and dense partonic PHENIX has addressed many of these issues via a new set of measurements of charged hadron v 2 and v 4 [19] . These measurements were performed in the two PHENIX central arms are plotted in the scaled variables v 2 /n q versus KE T /n q . These scaled data indicate that the universal KE T /n q scaling, evident at low KE T , is broken after
indicating a possible change in the physics. Statistically significant measurements of v 4 for identified hadrons also enable a study of a related scaling relation between v 4 for different particle species, as well as the ratio
The right panel of Fig. 3 shows the result of such a study in which both v 2 and v 4 are plotted using the generalized scaling variables, v n /n n/2 q vs. KE T /n q . Further detailed studies of this generalized scaling for different flow harmonics, as well as the KE T /n q range where scaling breaks down, should help to better understand the transition from soft to hard physics [16] and the process of hadronization at RHIC. The difference between STAR/PHENIX v 2 values is less than 2-5% below p T ≃2.5 GeV/c. At higher transverse momentum, STAR v 2 is systematically larger than the PHENIX v 2 and the ratio tends to grow with p T reaching the value of 20% at p T ≃5.5 GeV/c. The difference in v 2 values at higher p T can be attributed to non-flow effects due to di-jets which are mostly suppressed by the rapidity gaps in the case of the PHENIX measurements. The lower panels of Figure 5 show the same ratios but in this case the STAR v 2 data were obtained by the modified event plane method v 2 {EP 2 }. Here, the difference between STAR/PHENIX ratios at high p T , are much smaller, but still persist on the level of 5-10% at p T ≃ 5.5 GeV/c for mid-central collisions. The comparison for other centralities can be found elsewhere [26] . Figure 6 show the comparison of the same PHENIX v 2 data set with STAR v 2 results obtained using multi-particle methods. That is, the four particle cumulant method (left panel) and the Lee-Yang Zero method (right panel). The ratio plots indicate that STAR v 2 results obtained using multi-particle methods are smaller than PHENIX v 2 {EP} event plane results by 10-12%. Note however that this difference does not show a p T dependence and can be attributed to the expected difference in the eccentricity fluctuations for the two-and multi-particle measurements. [27] . We expect that they will allow detailed measurements of the differential v 2 and v 4 as a function of p T and centrality for several particle species at both energies.
